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Pulse  Width  Modulation for Analog Fiber-optic 
Communications 

s. Y 

Abstract-The  pulse  width  modulation  (PWM)  technique  has  been 
revisited  and  analyzed  to  evaluate  its  merits for application  to  analog 
signal  transmission  in  fiber-optic  links.  Fourier  analysis  of  the  PWM 
signal  reveals  that  it  can  he  used  as a vehicle  to  launch  an  analog  signal 
onto  optical  fiber  when  a  symmetrical  natural  sampling  process is used. 
The SNR of the  modulated  signal  depends on the  timing  jitter of the 
carrier  pulses  and  a  wide-band (45 MHz)  SNR of 45 dB  has  been  ob- 
tained  with  a  commercially  available  multimode  laser  transmitter. A 
linear  dynamic  range of  over 50 dB  has  been  experimentally  demon- 
strated.  The  full  fiber  bandwidth  can  be  utilized by using  a  very  high 
pulse  carrier  frequency, while a more  popular  pulse  frequency  modu- 
lation  technique  provides  about a 10-MHz  analog  signal  bandwidth 
when 1 km of  multimode  fiber  is  used  in  conjunction  with a short wave- 
length (0.87 pm) LED transmitter.  Analog  transmission  capability  was 
experimentally  demonstrated by constructing a simple  video  link  using 
common  laboratory  equipment.  The  performance of the  video  link  sup- 
ports  the  PWM  modulation  theory  developed  here  and  elsewhere.  The 
experimental  results  indicated  that  PWM is potentially‘very  attractive 
for low-cost broad-band  local  area  network  (LAN)  application,  includ- 
ing  future  highly  interactive  offices,  hospitals,  and  automated  factory 
floors. 

A 
I. INTRODUCTION 

LL  DIGITAL  pulse  code modulation (PCM) meth- 
ods  have been the preferred choice of fiber-optic 

transmission technology because of the  inherent nonlin- 
earity of optical  sources (notably for  laser  diode), which 
makes it difficult to use direct analog modulation tech- 
niques for fiber-optic communication systems. Moreover, 
digital systems offer considerable  advantages  over  an  an- 
alog transmission technique.  For  example,  PCM  allows 
the reproduction of the  original  signal at the  repeater  sta- 
tion without sacrificing its quality and  the temporary stor- 
age of the data at any repeater station along  the transmis- 
sion route. 

However, despite the current dominant trend toward all- 
digital transmission in the  optical  communications indus- 
tries,  there may exist many potential  applications where 
analog fiber-optic transmissions systems,  compatible with 
existing analog transmission technology,  are desirable [ 11. 
Examples include  the  transmission of multiplexed video 
signals [2]-[4], microwave radio [5],  satellite terminals 
[6], sensory signals,  and  frequency division multiplexed 
voice channels [7]. 

Voice,  image,  and data transmissions  are c,onverging, 
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and the markets are emerging.  The first, and perhaps the 
largest market, is the  existing  consumer base CATV with 
its pay-TV,  request-TV,  and  special  services subseg- 
ments. But the use of  interactive video is emerging within 
large corporation complexes, universities , government 
sites, and military bases. Beyond these  lie  sectors such as 
the  “back offices” of stock  brokerages,  banks, insurance 
companies,  larger  hospitals,  and real estate offices. The 
delivery of such bidirectional advanced video,  voice, and 
data services will require  a  vast bandwidth and that, by 
definition, requires the use of optical fiber as  the  medium. 

Point-to-point fiber-optic links  have proven to have bet- 
ter performance than copper-based media for long haul 
telephone applications.  Data  rates in the multigigabits per 
second range,  together with repeaterless operations over 
several hundred kilometers,  have been reported.  Fiber- 
optic media offer many desirable properties over conven- 
tional metallic  media: high bandwidth, low loss, noise 
immunity, physical size  (weight), potentially low cost, 
etc.  However, fiber optics is not a technology in wide- 
spread use today,  other than the  long  haul transmission 
market, primarily due to relatively high system cost com- 
pared to the  metallic media-based systems.  Presumably, 
modulators/demodulators (optical transmittedreceivers), 
analog-to-digital/digital-to-analog converters,  time  divi- 
sion multiplexers/demultiplexers, etc.,  are required at the 
terminals of each fiber end and add  considerable cost to a 
fiber-optic system. 

In this paper,  characteristics  of pulse width modulation 
(PWM) were studied to explore  a potentially cost-effec- 
tive analog communication  alternative in fiber-optic links 
to  the predominantly digital techniques presently used. 

11. MOTIVATION TO USE PWM 
Current state-of-the-art in the intensity-modulation of 

optical sources, particularly for the light emitting diode 
(LED),  is  capable of producing an analog  optical  signal. 
However,  the  analog  signal carried by PWM modulation 
can easily pass through digital logic  gates,  allowing  dig- 
itally controlled signal switching by cross-point logic gate 
arrays.  Thus,  the  PWM modulation can be practical ve- 
hicle to mix digital and analog signals into  a common 
switching fabric. 

PWM modulation makes sense as an economic alter- 
native to PCM  for  video signal transport from the remote 
node to the  customer premises link of the local access 
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Fig. 1. Wide-band  multiservices  distribution  systems.  Fully  integrated 
data/voice/video  services by a  pair of optical  fiber  to  customer’s  prom- 
ise.  Information  vendors  will be able to connect  up  their  trunk  line  to 
central  office.  Central office will  provide  wide-band  switching  service. 
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Fig. 2 .  Active  star  local  area  network  architecture. h, = short  wavelength 
channel; hz = long  wavelength  channel.  WDM = wavelength  division 
multiplexer.  WDDM = wavelength  division  demultiplexer.T,, R,  = 
short wavelength  transmitter  and  receiver  pairs. T2, Rz = long  wave- 
length  transmitter  and  receiver  pairs.  Receivers at the  hub  can  be in in- 
dividual  receiver  arrays or a  large  area  photo-detector  single  receiver. 

wideband video/voice/data  distribution  system  illustrated 
in Fig. 1. However,  PCM may be  the preferred way for 
signal transport from the  remote  node to the central office 
due to possible jitter accumulations.  Of  course,  this  re- 
quires a  conversion of PCM signal to PWM at the  remote 
terminals. Nevertheless,  the use of PWM  allows mainte- 
nance of the  expensive  equipment by the  service  vendor. 

Bursty data traffic tends to prefer packet switching  tech- 
nology, while real time  voice  and video can be handled 
more easily by circuit  switching  networks or frequency 
division multiplexed (FDM)  systems.  For  this  reason,  the 

fiber-optic LAN concept  shown  in Fig. 2 may be well 
suited for integrated information  service by taking advan- 
tage of the  wavelength  division  multiplexing  capability of 
lightwave  media. A unique characteristic of the topology 
shown in  Fig. 2, and  variations  thereof,  is  that it allows 
us a  separate  operation of two different kinds of data in  a 
single physical medium. The necessary hardware  com- 
ponents, network protocol, etc. , are  discussed  elsewhere 
[8]. It  is sufficient for  our  purpose to point  out  here  that 
PWM analog  communication  techniques  can be a  vehicle 
to provide voice  and  video  service  in  one wavelength 
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